We describe a one-atom microlaser involving Poissonian input of atoms with a fixed flight time through an optical resonator. The influence of the cavity reservoir during the interactions of successive individual atoms with the cavity field is included in the analysis.
The subject of one-atom laser, optical counterpart of the micromaser, has generated extensive interest after the recent experimental demonstration by An et al 1 . In the experiment, two-level 138 Ba atoms in their upper states are pumped into an optical cavity in such a way that average number of atoms in the resonating mode satisfies the condition < N >≤ 1.0.
The average number of photons < n > in the mode shows a linear dependence on the pump until < N >≃ 0.6. But, a further increase in < N > displays a thresholdlike jump in < n >. Calculations based on a one-atom theory, such as the one given in Ref. 1, can explain the linear regime only. An and Feld 2 incororated the cavity mode structure into the one-atom theory for an explanation of this jump. Kolobov and Haake 3 addressed to the problem by a Poissonian pumping model having partial overlaps of travel times of successive atoms in the cavity. Alternative explanations 4, 5 have also been proposed to explain the thresholdlike structure.
In this paper, we address to a slightly different pump mechanism in the microlaser setup: atoms are streamed into the cavity in such a way that strictly one atom can pass through it at a time. The pumping is Poissonian with the intervals between successive atomic flights being random. Thus, the flight time through the cavity is fixed for each We assume atoms arrive individually at the cavity with an average intervalt c = 1/R where R is the flux rate of atoms. We have t c = τ + t cav where τ is the interaction time, fixed for every atom, and t cav is the random time lapse between one atom leaving and successive atom entering the cavity.t c is the average of t c taken over a Poissonian distribution in time of incoming atoms. The cavity field evolves by this repititive dynamics from near vacuum as thermal photons in the optical cavity are almost nonexitent. Thus, during τ , we have to solve the equation of motioṅ
where H is the Jaynes-Cummings Hamiltonian 8 and κ and γ are the cavity-mode and atomic decay constants respectively. a is the photon annihilation operator and S + and S − are the Pauli pseudo-spin operators for the two-level atomic system. During t cav , the cavity field evolves under its own dynamics represented by Eq. (1) with H = γ = 0. The method for obtaining a coarse-grained time derivative, valid for a Poissonian process 13, 14 , for the photon number distribution P n =< n|ρ|n > is given in detail in Ref. 11 . The steady-state photon stattistics is then
and P 0 is obtained from the normalisation ∞ n=0 P n = 1. The v n is given by the continued fractions
with f
is the number of atoms passing through the cavity in a photon lifetime. A n = 2nκ and X n , Y n and Z n are given by
The functions F 1 and F 2 are:
where m = n + 2 and n + 1 for i = 1 and 2 respectively with the upper sign for i = 1.
Once P n is obtained, we can describe the characteristics of the cavity field by evaluating its various moments.
We find that the photon statistics of the cavity field given by Eqs. (2) and (3) emitted before leaving the cavity. Fig. 2 shows that the variance of the cavity field v= [(< n 2 > − < n > 2 )/ < n >]
increases sharply at about D = 1.6 where < n > is also peaked [ Fig. 1 ]. We find that near this value of D, the P n is doubly peaked at n = 0 and n ≃ N, examplified in Fig. 3 The cavity field intensity, proportional to < n >, saturates as N is increased for fixed τ . The saturation value of < n > depends on τ as dictated by the Jaynes-Cummings interactions 8 . This saturation character is not seen in Fig. 1 where the increase in D is due to increase in τ for fixed N.
We have analysed the characteristics of a one-atom microlaser capable of generating nonclassical optical fields in the realistic regimes of atomic and cavity dissipations (e.g. 
